Some physiological roles of NO in plant cells were reported as follows: Noritake et al. reported that endogenous NO induces phytoalexin accumulation in potato tuber. 7 Tobacco infected with tobacco mosaic virus resulted in enhanced NO synthase activity. 8 NO plays a key role in disease and bacterial growth, 9 that is, NO induces hypersensitive cell death and genes for the synthesis of protective natural products in soybean cells.
NO was measured with a fluorescence method using 2,3-diaminonaphthalene (DAN) under acidic condition 10 and a hemoglobin (Hb) method. 11 However, the former method was not selective for NO; DAN reacts not only with NO but also with nitrite in acidic condition to produce 1(H)-naphthotriazole. In the Hb method based on the conversion of Hb to metHb by NO, nitrite also results in an oxidation of Hb.
In our previous report, a simple and selective HPLCfluorescence detection method for determining NO using DAN was proposed, in which DAN reacted only with NO under the neutral condition. The method was successfully applied to monitor NO-capturing abilities of some hemoglobins. 12 In this study, the HPLC method was applied to the determination of NO in cultivated plant cells. The in situ derivatization and pretreatment conditions for the measurement of NO in cultivated plant cells were optimized.
To confirm the applicability of the proposed method, the concentrations of NO in plant cells at various cultivating times were monitored. The effects of thermal stress on NO concentration in plant cells were also investigated.
Experimental

Materials
DAN from Dojindo (Kumamoto, Japan) was used. Dimethylsulfoxide (DMSO) was obtained from Wako Pure Chemicals (Osaka, Japan). An authentic standard (DAN-NO) synthesized according to our previous method 12 was dissolved in methanol, adjusted to 1 mM, and stored at 4˚C until use. Water was passed through a Pure Line WL 21 P system (Yamato Scientific Co., Tokyo). Other chemicals were of analytical reagent grade.
Apparatus
The HPLC system for the determination of DAN-NO consisted of two LC-6A liquid chromatographic pumps (Shimadzu, Kyoto, Japan), a 7125 injector (Rheodyne, Cotati, CA, USA) with a 10-µl sample loop, an SCL-6B system controller (Shimadzu), an RF-10AXL fluorescence detector (Shimadzu), and an R-01 recorder (Rikadenki, Tokyo). Separation of DAN-NO was achieved by a Shimpack C8 column (150 × 6.0 mm, i.d., particle size 5 µm, Shimadzu) with an elution program using a mixture of (A) MeOH/H2O 
Plant materials and callus culture
When the epicotyl of a seeding from sterilized seeds of Agave pacifica (Agavaceae) was cultivated in darkness at 25˚C on MS medium containing 1 ppm 2,4-dichrorophenoxyacetic acid, 5 ppm kinetin, 3% sucrose and 0.8% agerin ager, a callus was induced. The induced callus was subcultured five times on the MS medium containing 0.2 ppm naphthaleneacetic acid and 5 ppm benzyl adenine in the darkness prior to use in the following experiments. The pH of the media was adjusted to 5.8 before autoclaving.
Callus (ca. 0.5 g) was transferred to an Erlenmeyer flask containing 100 ml MS basal medium supplemented with the combined naphthaleneacetic acid and benzyl adenine, 3% sucrose and 0.8% ager. The callus was cultured in the darkness or under the irradiation of continuous light (fluorescent white light: ca. 60 mE m -2 s -1
).
Assay procedure for plant cells
The labeling reagent solution to be induced into cells was prepared as follows: 19.75 mg DAN was dissolved in 250 µl of DMSO and then diluted to 25 ml with MS stock solution without nitrite (final concentration of DAN: 0.2 mM). This solution was mixed with 0.5 g cultivated cells, and then incubated at 25˚C for 3 h. After the DAN solution was removed by centrifugation, the cells were washed three times with 5 ml of water. Then, 1 mL of methanol was added to the cells for homogenization. Supernatant (1 mL) obtained by centrifugation at 2000g for 10 min was filtered with a membrane filter (0.45 µm) and a 10-µL portion was injected into HPLC.
Results and Discussion
Optimization of conditions for the determination of NO in cultivated plant cells
The HPLC separation of DAN-NO was achieved within 25 min by using an isocratic elution of MeOH/H2O (42:58, v/v) as a mobile phase. However, some peaks from cell components were observed after the peak of DAN-NO at more than 60 min. Therefore, washing steps for 5 min with methanol was inserted in the elution program.
To optimize the sample preparation conditions, we used 0.5 g of cultivated cells. The DAN concentration to be induced into cultivated cells was examined over the range of 0 to 0.3 mM (Fig. 1A) ; the maximum relative fluorescence intensity (RFI) was obtained at 0.2 mM and thus was chosen. The effect of incubation time with DAN solution on RFI was examined (Fig.  1B) . When the incubation time was prolonged more than 2 h, constant RFI was obtained.
In order to remove excess DAN on cultivated cells, washing time with 5.0 ml of water was examined (Fig. 2) . RFI obtained from DAN solution before incubation with cells was arbitrary taken as 100. RFI of DAN solution after incubation decreased to about 75% compared with that for initial DAN solution. The RFI for unreacted DAN was found to be decreased with increase in the washing time, and washing three times allowed complete removal of unreacted DAN.
Calibration curve, detection limit and precision
The calibration curve of the authentic standard of DAN-NO, which is spiked to 0. Sample preparation and HPLC conditions were described in the Experimental section.
3. The detection limit of DAN-NO obtained at a signal-to-noise ratio of 3 was 3.4 pmol/g cell. Within-day precision of the proposed method was evaluated by using cell samples spiked with DAN-NO (10.0 pmol/g). The mean ± standard deviation (SD) and relative standard deviation (RSD) of spiked DAN-NO were determined to be 8.2 ± 0.2 pmol/g and 2.4% (n = 6), respectively. The mean ± SD and RSD for between-day precision were 8.8 ± 0.4 pmol/g and 4.5% (n = 4), respectively.
Determination for NO in cultivated plant cells
The proposed method was applied to determine NO in cultivated cells at various cultivating times. Figure 4 shows weight of callus and NO concentration. Measurements of callus weight and NO concentration were performed with four samples from one week to eight weeks after callus transferring. The growth curve obtained was divided into three groups i.e., lag (0 -3 week), log (4 -7 week) and stationary phase (8 week). NO concentration increased at lag and stationary phases and decreased at log phase. A significant difference could be seen between lag or stationary phase vs. log phase (p < 0.05). Although the reason of this phenomenon could not be well elucidated, one possible reason might be as follows: the increase in NO concentration at lag phase arose from the stress for callus transferring, and that at stationary phase came from the stress due to changing the worse of environment (e.g. undernourishment).
Furthermore, the proposed method was applied to determine NO in cultivated cells treated with low and high temperature as thermal treatment. Values are expressed as the means of three experiments. Prior to addition of the labeling reagent, cells were cultivated in darkness at 5, 25 or 35˚C for 0.25, 0.5, 1.0 and 2 h. NO concentration in cells treated at 5˚C for 1 h was significantly higher than the concentrations in those treated at 25 and 35˚C (Fig. 5) . The basis of this phenomenon has not yet been explained. Cardena et al. reported that heat shock protein 90 (Hsp 90) formed a complex with endothelial NO synthase (eNOS) under fluid shearing stress, which resulted in an enhancement of eNOS activity. 13 The Hsp was also induced by thermal stress in plant cells to protect denaturation of protein. NO might play an important role to obtain cold acclimatization. The change of NO concentration was only observed for cells treated at low temperature: this might be correlated to the fact that Agave pacifica, which grows wild in an arid region, has tolerance to high temperature.
In conclusion, the HPLC-fluorescence method could be developed to determine in situ NO in cultivated plant cells. The method was successfully applied to monitor NO concentration in plant cells at various cultivating times and also under various thermal conditions. The results obtained with these studies suggest that plant cells are quite sensitive to environmental changes, and thus, the method might be useful to estimate various types of stress based on a concentration of NO for plants. 
